The Fourier finite-difference (FFD) method is very popular in seismic depth migration. But its straightforward 3D extension creates two-way splitting error due to ignoring the cross terms of spatial partial derivatives. Traditional correction schemes, either in the spatial domain by the implicit finite-difference method or in the wavenumber domain by phase compensation, lead to substantially increased computational costs or numerical difficulties for strong velocity contrasts. We propose compensating the two-way splitting error in dual domains, alternately in the spatial and wavenumber domains via Fourier transform. First, we organize the expanded square-root operator in terms of two-way splitting FFD plus the usually ignored cross terms. Second, we select a group of optimized coefficients to maximize the accuracy of propagation in both inline and crossline directions without yet considering the diagonal directions. Finally, we further optimize the constant coefficient of the compensation part to further improve the overall accuracy of the operator. In implementation, the compensation terms are similar to the high-order corrections of the generalized-screen method, but their functions are to compensate the two-way splitting error rather than the expansion error. Numerical experiments show that optimized one-term compensation can achieve nearly perfect circular impulse responses and the propagation angle with less than 1% error for all azimuths is improved up to 60 from 35 . Compared with traditional single-domain methods, our scheme can handle lateral velocity variations (even for strong velocity contrasts) much more easily with only one additional Fourier transform based on the two-way splitting FFD method, which helps retain the computational efficiency.
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INTRODUCTION
One-way wave-equation depth migration is an important tool when imaging complex media (Claerbout, 1985; Etgen et al., 2009 ). Many methods have been developed during the last three decades, such as the finite-difference method (Claerbout, 1985) , the Fourier method (Gazdag, 1978) , and the dual-domain method (e.g., Stoffa et al., 1990; Ristow and Rühl, 1994; Wu, 1994; Jin et al., 1999; de Hoop et al., 2000; Le Rousseau and de Hoop, 2001; Xie and Wu, 2001; Wu, 2003) . As a dual-domain method, the Fourier finite-difference (FFD) method (Ristow and Rühl, 1994) combines the advantages of the Fourier method and the finite-difference method by cascading an implicit finite-difference correction to the split-step Fourier method (see Zhang et al. (2009b) for a detailed comparison between the FFD method and the Fourier method). The FFD method is very popular in imaging complex structures because it can handle strong lateral velocity variations and steep dips. Unfortunately, the FFD method's direct 3D extension is extremely costly because 3D implicit finite-difference correction involves solving large sparse matrices (Claerbout, 1985; Li, 1991) . A practical approach is to sequentially split the 3D implicit finite-difference correction into two cascaded 2D operators along the inline and crossline directions, which is called a two-way splitting technique (Brown, 1983) or an alternatingdirection-implicit scheme (Peaceman and Rachford, 1955; Wachspress and Habetler, 1960; Douglas, 1962) . Although the two-way splitting technique affords high computational efficiency, it introduces large phase errors (called two-way splitting error or azimuthal anisotropy) for wide-angle propagations at 45 and 135 azimuths. This azimuthal anisotropy causes the depth slice of impulse response in 3D homogeneous media (with reference velocity smaller than real velocity) to not show a perfect circle but a "smoothed diamond"; that is, the wave propagation speed in diagonal directions appears to be slower than that in inline and crossline directions. In addition, this error under relative error of 1%. In contrast, after applying our compensation scheme, the accurate dip angle among all azimuths is at least 60 . Compared with a purely wavenumber-domain method (a singledomain approach), our scheme is applicable to lateral velocity variations even in the case of strong velocity contrast. Compared with the spatial-domain finite-difference method, our scheme is much faster because it is solved by fast Fourier transforms. It naturally reduces to the traditional phase-shift method when the velocity becomes homogeneous. Thus, the compensation can be omitted when splitting error is small enough (e.g., for weak velocity contrasts or small dip angles). Our compensation scheme has a good tradeoff between computational cost and accurate propagation angle.
